In this case study, factor analysis was applied for evaluation of temporal/spatial variations in the groundwater quality of Aravakurichi block, Karur district, Tamil Nadu, India. This statistical technique was employed for the better interpretation of large complex water quality data set obtained from twenty five groundwater locations in four seasons during the year 2012. The water samples were characterized for the physico-chemical parameters such as pH, total alkalinity, electrical conductivity, total hardness, calcium ions, magnesium ions, total dissolved solids, fluorides, chlorides and sulphates. Factor analysis indicated four factors initially and when rotation of the factor axis was executed, it yielded two factors with clear indication of high loadings for some variable and low loadings for others, facilitating data interpretation in terms of original variables. Overall, this case study demonstrated the effectiveness of factor analysis to identify marker variables for assessing the chemistry of groundwater besides earmarking representative sampling stations to undertake suitable water quality management in a shortest possible time.
I. Introduction
The chemistry of water is an important factor that determines its application as a resource (Kumar and Singh, 2010). Groundwater quality depends on the chemistry of recharged water, atmospheric precipitation, inland surface water and on sub-surface geochemical processes [1] . The assessment of groundwater quality status is pivotal for socio-economic development of any region of the world [2] . Despite its importance, contamination from natural and man-made sources has affected the use of groundwater as a source for human consumption. The analysis of groundwater quality is an important and sensitive issue. Due to spatial and temporal variations in water chemistry, a monitoring program that provides a representative and reliable estimation of groundwater quality in a shortest possible time has become an important necessity. The search for an indicator that best characterizes a water source under study requires the use of appropriate statistical techniques. Among the multivariate techniques, factor analysis permit to define more sensitive indicators which can facilitate for evaluation of changes that have taken place in the water resources [3] . With this background, this case study was undertaken to evaluate the effectiveness of factor analysis as a tool to understand the factors affecting the groundwater quality.
II. Materials and Methods

Study area
The Aravakurichi block of Karur district, Tamil Nadu, India is located at 10.95º N and 78.08 ºE with an elevation of 122 m above mean sea level. The average annual rainfall is about 855 mm. This study area receives most of its seasonal rainfall from the north-east monsoon between late September to mid November.
Sample collection and monitoring parameters
A total of 25 water quality monitoring stations were identified and water samples were collected in the middle month of four seasons namely post-monsoon (January -March), summer (April -June), pre-monsoon (July -September) and monsoon (October -December) of the year 2012. The groundwater samples were analyzed for parameters which include pH, electrical conductivity, total dissolved solids, total alkalinity, total hardness, Ca (II), Mg (II), Na, K, fluorides, sulphates and chlorides using standard protocols [4] and the quality of the data was ensured through careful standardization.
Factor Analysis
Factor analysis attempts to explain the correlations between the observations in terms of the underlying factors, which are not directly observable [5] . There are three stages in factor analysis [6] such as (i) For all the variables a correlation matrix is generated, (ii) Factors are extracted from the correlation matrix based on the correlation coefficients of the variables, (iii) To maximize the relationship between some of the factors and variables, the factors are rotated. One of the most important steps of factor analysis is to determine the number of factors that need to be extracted for an accurate analysis of the data. In this regard, the rotation of the factor axis was executed to yield a simple structure such that factors that are clearly marked by high loadings for some variable and low loadings for others, facilitating data interpretation in terms of original variables. In order to determine the number of factors to be used, the variances and co-variances of the variable are computed. Then, the eigen values and eigenvectors were evaluated for the co-variance matrix and the data is transformed into factors.
III. Results and Discussions
The groundwater samples collected during the four seasons were analyzed and their descriptive statistical data is presented in Table 1 The results of the present study indicated that the water is alkaline in nature. Though it has no direct effect on human health, the recommended pH value for drinking purpose is 7.0 -8.5 [7] . The average pH values varied from 7. The total hardness (TH) and other parameters are found to be within the permissible limit except fluoride which was found to exceed the limit in certain sampling points and varies slightly with seasons.
The analysis generated four factors (eigen value greater than unity) which accounted for 66.4%, 67 % and 66 % of the total variance in post-monsoon, pre-monsoon and monsoon seasons, respectively. In the case of summer season, twelve factors were reduced to three factors were with 61.5% of total variance. In order to further reduce the number of factors and enhance the interpretability, the factors are rotated. The rotation usually increases the quality of interpretation of the factors [8] .
After varimax rotation, each original variable tends to be associated with one (or a small number) of the factors and each factor represents only a small number of variable. Table 4 shows the factor pattern of water quality parameters after varimax rotation for the four seasons (2012). The parameters are grouped based on the factor loadings. Factor 1 exhibited 32.1% of the total variance of 51.4 % with strong positive loadings for EC and TDS in post-monsoon season, 31.5% of the total variance of 47.1 % with strong positive loadings for EC, TDS and TH in summer season, 22.6% of the total variance of 43.9 % with strong positive loadings for TDS and SO 4 in pre-monsoon and 22.3% of the total variance of 44.5% with strong positive loadings for Cl in monsoon season. These high loadings represent a relative high correlation between each other. Factor 2 exhibited 19.3% with strong positive loadings for TH in post-monsoon, 15.5% with moderate positive loadings for fluoride in summer, 21.3% with strong positive loadings for TH and Cl in pre-monsoon and 22.2% with strong positive loading for TDS and SO 4 monsoon season.
Table 3. Eigen value (EV), percentage of variance (V) and cumulative percent (C)
The factor scores were then calculated for all 25 monitoring stations and are shown in Table 5 . In postmonsoon, the high scores for Factor 1 were observed at stations 3, 4, 5, 6, 9, 10, 12, 14, 16, 17, 22 and 23. During this season, the high scores for Factor 2 were observed at stations 2,6,8,12,19,21 and 22. In the case of summer season, the high scores for Factor 1 were observed at stations such as 3,4,6,9,10,11,12,18,20,23,24,25 and the high scores for Factor 2 were observed at stations 1,4,5,6,12, 14,16 and 22. In pre-monsoon season, the high scores for Factor 1 were observed at stations 4,6,12,20,23,24 and the high scores for Factor 2 were observed at stations 3,4,5,6,12,14,15,16,17 and 25. During the monsoon season, the high scores for Factor 1 were observed at stations 3,4,5,6,12,14,15,16,17, 25 and the high scores for Factor 2 are 4,6,12,20,23 and 24.
These findings reveal the fact that twelve water quality parameters listed in the present study can be represented by factors 1 and 2 and these could be used as an indicator for potential contamination. In other words, any arbitrarily selected parameter from factor 1 and 2 could be used as a 'marker' variable to detect potential contamination. For the present investigation, the probable candidates for this purpose could be any one of the easily measured parameters such as electrical conductivity or TDS for factor 1 and Total hardness (TH) for factor 2 in all the four seasons. Similar approach of deriving a marker variable through factor analysis has been reported [8] .
Hence, this marker parameter selection might be used as a technical tool for designing groundwater quality monitoring program. Thus, marker parameter can be measured on a continuous basis on selected stations for assessing the groundwater quality. 
IV. Conclusion
In the present case study, the groundwater samples were collected from 25 monitoring stations during four seasons and its water quality were analyzed for twelve chemical parameters. In order to interpret the complex dataset for undertaking appropriate management/treatment besides designing periodical monitoring program, factor analysis was employed. This multivariate statistical technique proved to be effective in reducing twelve parameters into three to four factors initially and ultimately brought down to two important factors. Overall, the factor analysis paved way to identify marker variable that would serve as an important and reliable indicator for undertaking periodical assessment of groundwater quality.
